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In eukaryotic cells transcript processing is strictly dependent upon binding of specific proteins. Nuclear RNA binding proteins share a common 
domain, which is involved in RNA binding. In order to characterize RNP-RNA interactions we have performed a secondary structure prediction 
based both on statistical algorithms and comparative analysis of different proteins. A high conservation for secondary structure propensity between 
different RNPs was observed. 
Ribonucle~c protein; Structure prediction 
I. INTRODUCTION 
In recent years, it has been demonstrated that 
eukaryotic mRNAs are always associated in the 
cytoplasm as well as in the nucleoplasm with specific 
proteins which play an important role in transcript 
metabolism [ 1,2]. 
polypeptide) confers with the protein the affinity for 
single-stranded nucleic acids. Further analysis of UP1 
sequence domain revealed that it contains a tandem 
duplicate of 90 residues. 
After transcription by Pal II, the synthesized 
heterogeneous nuclear RNA (hnRNA) tightly 
associates with a set of proteins called ‘heterogeneous 
nuclear ribonucleic proteins’ (hnRNP) to form a 
NAfprotein complex in a ‘nucleosome-like’ structure, 
sedimenting at 200-250 S. 
Later works identified the UPl’s subdomain in other 
nuclear proteins from different sources: polyadenylate 
binding proteins [lo-121, Cl hnRNP [13], nucleolin 
[ 141, proteins bound to small nuclear RNAs (snRNP) 
[15-171 and others. 
A common characteristic of these proteins is their 
ability to bind single-stranded nucleic acids in vitro and 
RNA in vivo. 
The hnRNA intimately associated with the hnRNP in 
the nucleus undergoes several modifications, such as 
capping at the 5’ end, polyadenylation at the 3’ end 
and splicing, before being secreted through the nuclear 
pores into the cytoplasm [3-61. 
The nuclear RNA binding proteins (hnRNP) include 
at least 20 protein species, only partially characterized, 
which are for the majority basic and with molecular 
masses ranging from 32 to 120 kDa [7]. 
The 90 residue sequence, now called ‘RNA binding 
domain’, is strikingly conserved from yeast to man and 
it has also recently been found in plants [18]. RNA bin- 
ding domain contains two short stretches, whose degree 
of conservation through evolution is total; these 
regions contact RNA as shown by Merril and 
coworkers using UV crosslinking [19]. 
Recently several cDNA corresponding to these pro- 
teins have been isolated and sequenced. The first was 
characterized by Riva and coworkers, during a research 
on single-stranded DNA binding proteins (ssDBP) in 
eukaryotic cells [8]. This work demonstrated that 
human single-stranded DNA binding protein UP1 
(identified by Alberts, see [9]) is a degradation product 
of hnRNP protein Al. It has been hypothesized that 
hnRNP proteins contain distinct domains and one of 
these (in the specific case the one corresponding to UPI 
It has generally been assumed that hnRNP proteins 
bind RNA regardless of nucleic acid sequence. Recent 
data suggest hat this could not be true. Swanson and 
Dreyfuss demonstrated that in vitro Al protein has a 
specific affinity for sequences located at the 3 ’ end of 
mammalian introns [20]. Other, more indirect evidence 
comes from studies on development in Drosophila; it 
has been reported that sex determination during 
development is regulated at the level of RNA process- 
ing of particular transcripts. The proteins controlling 
this alternative splicing contain the RNA binding do- 
main that could interact with transcripts in a sequence- 
specific way, thus locating different splicing sites 
[21-231. 
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Fig. 1. Secondary structure prediction for RNA binding domain of RNP proteins. Aligned sequences are shown together with secondary structure 
prediction; below each sequence the first row represents the structure prediction according to the method of Garnier et al. [26] and the second 
row the prediction following Chou and Fasman [25]. Asterisk indicates a-helix while double line is for B-sheet. (a) and (b) indicate the two RNP 
consensus sequences. The order of sequences is the following: (1) human Al hnRNP domain 1 (dom.1) [32]; (2) human hnRNP dom.2 [32]; (3) 
Drosophila Al hnRNP dom.1 [33]; (4) Drosophila Al hnRNP dom.2 [33]; (5) human Cl hnRNP [13]; (6) Drosophila tra-2 gene product [23]; 
(7) Drosophila sxl gene product dom.1 [22]; (8) Drosophila sxl gene product dom.2 [22]; (9) human snRNP 70K Ul [IS]; (10-13) yeast 
polyadenylate binding protein dom.l-4 [lO,l I]; (14-17) human polyadenylate binding protein dom.l-4 (121; (18-21) hamster nucleolin dom.l-4 
[14]; (22) abscisic acid-induced protein [18]. 
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ding domain, in order to understand the binding 
mechanism and to elucidate the molecular aspects of 
alternative splicing. 
Unfortunately, since X-ray diffraction maps of RNP 
proteins are not available at the moment, we can only 
infer some characteristics of the structure from the 
analysis of their amino acid sequences. 
Multiple alignment of RNA binding domains of 
many different proteins reveals a pattern of strong con- 
servation through the course of evolution. Such a rigid 
conservation of protein sequence could be reasonably 
correlated to the tertiary structure m~ntenance. 
Starting from this assumption we have utilized in a 
comparative way, secondary structure prediction 
algorithms to make proposals about some structural 
properties of RNA binding domain. 
2. MATERIALS AND METHODS 
Computer-aided algorithms were performed on an IBM personal 
computer PS/2 M 50. 
Sequences were aligned first using the Needleman and Wunsch [24] 
algorithm; alignment was then refined manually. 
Helix and sheet propensity were calculated employing the Chou 
and Fasman [25] and the Gamier-Osguthorpe-Robson [26] methods. 
Prediction algorithms by Garnier and coworkers were tested with 
several decision constant combinations, ranging from 0 to -88 
without finding any appreciable variation in secondary structure 
prediction. 
When prediction uncertainties were found utilizing Chou and 
Fasman method, only the higher score was considered. 
3. RESULTS AND DISCUSSION 
The rationale of our work is based on two main con- 
siderations. (i) Secondary structure prediction 
algorithms used in this work are those of Chou and 
Fasman [2.5] and Robson-Osguthorpe-Garnier [26]. Ac- 
curacy of prediction reached by these methods in- 
dividually varies from 50% to 60% [27,28] but more 
attainable results may be obtained through the 
simultaneous application of the different algorithms to 
the same sequence ([27,28] and references therein). (ii) 
We assumed that highly similar sequences from dif- 
ferent proteins belonging to the same family conserve 
the general pattern of secondary structure. Thus, com- 
paring the secondary structure predictions for different 
RNA binding domains, we deduced a secondary struc- 
ture consensus. 
Applying the two prediction algorithms to each of 
the 22 sequences examined, we have drawn the table 
shown in fig. 1. It seems to demonstrate a good conser- 
vation in secondary structure predisposition at a defin- 
ed region of RNA binding domain. 
The results of structure prediction shown in fig. 1 can 
be better visualized in the barret diagram depicted in 
fig.2 where percent frequencies of secondary structure 
propensity are plotted for each residue. 
Fig.2. Secondary structure conservation in RNA binding domain of 
RNP proteins. Percent frequencies of predicted cY-helices and&sheet 
are plotted for each residue position along the domain. Horizontal 
shading was used for #3 conformation frequencies; diagonal shading 
was used for LY conformation frequencies. (a) and (b) indicate RNP 
consensus equences. 
The domain displays a striking conservation for 
secondary structure propensity at the defined regions: 
the pattern of secondary structure prediction sum- 
marized in fig.2 suggests the presence of two cy-helices 
and 4 &sheets in the RNA binding domain of RNP. 
The general feature of the domain seems to be ,&8 
supersecondary structure: this structure appears to be 
repeated twice in the domain. 
For the two RNP consensus equences for which a 
direct interaction with RNA by means of aromatic 
stacking has been demonstrated [ 191, our results predict 
a P-sheet conformation. It has to be noted that in a 
single-stranded DNA (ssDNA) binding protein belong- 
ing to another protein family, protein gp5 of fd phage, 
X-ray crystallography demonstrated that protein- 
ssDNA interaction is due mainly to aromatic stacking 
of DNA’s bases and phenylalanine and tyrosines pro- 
truding from a &sheet 1291. For the predicted cr-helices, 
wheel plots have been drawn (data not shown) and 
almost all display an amphipathic pattern. 
Recently, with a different approach, Chan and 
coworkers [30] identified a putative a-helix located in 
a region partially overlapping the first helix we have 
hypothesized. According to their model, this helix 
should be few residues shifted toward the C terminal 
and longer, if it is to be compared to our prediction. 
The region between the second and third presumptive 
P-sheet is most subjected to insertions/deletions: such 
a sequence plasticity is very commonly found in loops 
or coil structures. 
From the observation reported in this work 3 main 
considerations can be drawn: (i) the RNA binding do- 
main of RNP proteins shows an extensive conservation 
of secondary structure propensity, according to the two 
algorithms utilized; (ii) the domain seems to belong to 
the CY/P class of globular proteins as defined by Levitt 
and Chothia [31]; and (iii) the two RNP consensus e- 
quences are predicted to be in ,8 conformation. The 
same conformation was found in another protein fami- 
ly (gp5), in the region interacting with single-stranded 
DNA. 
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In the gp5 protein family, aromatics protruding from 
the P sheets confer to the polypeptide a general affinity 
for ssDNA; similarly, the two RNP consensus se- 
quences, containing aromatic residues and predicted in 
fl conformation, could also be involved in aspecific bin- 
ding of RNA. The model outlined here is hypothetical 
in nature. It will be necessary to collect experimental 
data from NMR, X-ray diffraction and circular 
dichroism to check its validity. However, it represents 
a valuable reference for studies aimed at defining the 
nature of binding of RNP to RNA. 
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